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1

The present invention relates to a method of

3 Claims. (ClL 196—52)

treating hydrocarbons with a finely divided ad- .

sorbent contact catalytic material in powder form
and more particularly to a combination of contact
adsorption and fluid catalytic cracking processes
that may be widely spaced in time and distance,
wherein the same material is used as the adsorp-
tion-contact medium and the fluid cracking cat-
alyst. .

To cite an illustrative example without, how-
ever, intending to limit the scope of this invention
thereto, the principles of this invention may be
applied to the decolorization of lubricating oils
by the contact method and to the fluid catalytic
cracking of hydrocarbons to form-gasoline. By
such an application it is‘possible to utilize a fiuid
catalytic cracking unit niot only for the cracking
of hydrocarbons but, in addition, for the regen-
eration of lubricating oil contact material.

‘The terms ‘“adsorbent contact catalytic mate-
rial” and “contact material” as used herein refer
to finely divided matérials having adsorbent prop-
erties as well as catalytic activity. These mate-
rials include contact clays and fluid catalysts gen-
erally known in the -art to have an extremely
small particle size, e. g.; about 95% of the parti-
cles of any given material normally pass through
a 200-mesh screen, and-‘are to be distinguished
from materials such -as percolation clays and
fixed bed catalysts, wherein the particles are pel-
lets or granules: that ordinarily do not pass
through a screen finer than 90 mesh. -

It has now been found that the contacting of
lubricating oils with adsorbent contact catalytic
material for decolorizing the oils has no deleteri-
ous effect upon the catalytic activity of the mate-
rial and that such material, after being used as
a contact adsorption agent, may be used as cata~
lyst in a fluid cracking operation and, if desired,
be regencrated in a fluidized regenerating zone
for recycling to a contact adsorption or fluid
cracking operation, or both. The undesirable hy-
drocarbons adsorbed on the contact material dur-
ing the decolorizing step are subjected to crack-
ing, and therefore converted into desirable hydro-
carbons of lower molecular weight, in the fluid
cracking operation. Carbon or coke remaining
on the contact material leaving the fluid reactor
is burned off in the fluidized regenerating zone.
This is to be distinguished from methods wherein
spent. contact clays or percolation clays, after
contact with a lubricating oil, are mixed with a
gas oil charge that is then subjected to thermal
cracking in the liquid phase. ~Such methods in-
herently do not involve removal or conversion of
the adsorbed hydrocarbons during the cracking
siep.” )

The present invention, therefore, contemplates
a-method of utilizing an adsorbent contact cata-
Iytic material or a combination of .several such
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materials, the choice of contact material depend-
ing upon requirements described more fully here-
inafter, as both an adsorbent and a fluid catalyst
in a unifary system or in separate systems. In
the preferred embodiment of the invention, a con-
tact material, or combination of contact: mate-
rials is utilized first as an adsorbent for refining
hydrocarbon oils in the liquid phase by the con-
tact method and then as a fluid catalyst for the
conversion of hydrocarbons such as naphtha-gas
oil hydrocarbon fractions. The contact material
may then be regenerated and recycled to the ad-
sorbing unit, the fluid cracking unit, or both, .
One of the advantages of this invention is that
it provides a simple and economical means for re-
generating contact materials known primarily for
their adsorbent properties but nevertheless pos=
sessing appreciable catalytic activity. Lo
Another advantage of the invention, when ap-
plied to a combination of contact decolorization
and fluid cracking processes, is that it provides
& simple means for recovering the undesirable hy-
drocarbons removed from lubricating oils in the
adsorption process and making them available for

5 catalytic cracking,

_ Another advantage of the invention is that it
may be utilized for the treatment of any lubricat-
ing oil whether it be unrefined, solvent treated'or

. acid treated. :
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Still another advantage of the invention is that
it makes possible appreciable economies in the
operation of a contact plant, fluid cracking plant,
or both. :

The contact material employed in the meth~
od of this invention may be any materia} hav-
ing the particle size hereinbefore Specified and
known to have adsorptive as well as catalytie
properties. ‘The breterred material inciudes tne
silica~-a.umina type cataiysts commonsy recerred
to as contact ciays, such as members of the group
of acid-activated, natura: ciays made from the
minerai monunoriiionite, avaiable from the Fii-
trol Corporation and markeced unuer trade
hames such as “riltrol” and “Super ¥iitrol” ube
concact ciays, as wei as nula cava.ysts of tne
haturai ciay type available undaer the srade name
“Filtrol D” and flud catalysts maae syntheti-
cally by precipitating aiumina ang silica, which.
are avauable as the spray-dried and oil aropped
“Microsphere”  type and “Diakell” cataiysts
avauab.e rrom The Universal Uil Products Coin-
bany and M. W. Kellogg Company, respectively.

‘The method of this invention is further il-
lust;'ated in the accompanying drawing, wherein: .

'Flgure 1 is a diagrammatic flow sheet; and

Figure 2 is a flow sheet illustrating one pre-.
iierred embodiment of the method of this inven=-.

on. i

Referring now to Figure 1 of the drawing, &
lubricating oil contact plant 10 and a fluid cata~-
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 lytic eracking unit 11 may be supplied with con-
tact material in the form of contact clay from
source i2, ﬂuxd type catalyst from source {4 or
both depénding upon ‘the requirements of the
contact plant and the fluid cracking unit.

The requirements of a fluid catalytic crack- -

ing unit, in so far as the amount of make-up
ecatalyst is concerned, depends upon the size. of

the unit, the type of fluid catalysts, and - other .
N 10

jdiosyncracies of the plant.
The requirements of a lubricating oil contact

plant, in so far as the amount-of contact mex’

dium is concerned, depends likewise upon the
size of the plant, the ccatact dosages used, and
other variables well known in the art.

‘Where ‘the -requirements -of a ‘fluid catalytic
‘cracking unit -are exactly balanced by the re-
quirements-of a contact plant, i. e, where the
amount 0f make-up catalyst required by the
cracking -unit is equal to the amount of contact
material ‘used in the contact plant in ‘the same
time -interval, the whole mass of contact ma-
‘terial leaving -the contact plant may be charged
to the fluid ‘cracking unit as make-up catalyst.

“In this embodiment, -contact material from
source 12 or i4 or both, in an amount egual to
the make-up -catalyst required by the ¢racking
unit I, is supplied to the contact plant 10 by way
of lines 16 and 17 or lines 19 and 11. After the
spent contact -material has been separated from
the 6il ‘contacted in the contact plant (9, it is
passed by way of lines 20 and 2i to make-up
catalyst storage 22 and from there to the fluid
cracking unit by way of lines 24 and 26.. After
regeneratlon, the regenerated contact material
is vecycled to the cracking unit by way of lines
27 and 29.

‘Where the reqmrnments of a contact plant
are limiting, i. €., where the amount of contact
material used exceeds the amount of make-up
eatalyst required by the fiuid catalytic cracking
unit, several alternative procedures in accoid-
ance with the present invention are contem-
plated.

' One such procedure is to operate the contact
plant cyclically with a high activity fluid cata-
1yst and a contaet clay. Thus, for example, fresh
make-up fluid catalyst and, if desired, regen-
érated catalyst may bé used in the confact plant
and passed to the catalytic unit during one cy-
¢le, and ‘contact ‘¢lay may be used in the con-
taet plant and then disposed of in the other cy-
cle; ‘This procedure can be vaiied by introduc-
ing the fresh make-up catalyst directly into the,
¢racking unit and passing an amount of regen-
erated catalyst equal to the amount of fresh
make-up catalyst to the contact plant for re-
cycling to the cracking unit. .

Thus, for example, fresh fluid catalyst from
source |4 in an amount equal to the make-up
catalyst required by the eracking unit 11 is passed
during one cycle into the contact plant 10 by way
of lines 19 and 17 and, aftér being separated
from-the oil conitacted theréwith, is. passed into

makesup catalyst storage 22 by way of lines 20.

ahd 2t. PFrom this point, the make-up catalyst
is added a8 required by way of lines 24 and 25
to the regenerated catalyst recycled to the crack-
ing unit by way of lines 27 aind 29. In the other
cycle, fresh contact clay from source i2 is sup-
plied to the contact plant 10 by way of lines 16
and IT and, after being separated from the oil

contacted therewith, is removed by way of lines’

20 and 30 to spent clay disposal 3t.
If desired, this procedure ‘¢an be varied dir-

ing the first cycle by utilizing fresh fluid cata-
lyst from source (4 directly as the make-up

-eatalyst. 'This is® accomphshed by passing it di-

rectly to the cracking unit 11 oy way of lines 32

.and’ 26 and passing, to the confact plant (9 by
‘way of line 34, an amount of regenerated con-

. tact material egualito the amount of fresh cata-
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lyst introduced as make-up catalyst. The re-
generated catalyst, after being separated from

‘the oil eontacted therewith, is recycled to the

cracking unit 1l by way of lines 28 and 21, make-
up -catalyst storage 22 and lines 24 and 26.

This procedure has the advantage, peculiar to
it, of operating the fluid catalytic cracking unit
at maximum efficiency due to the use therein of
high activity fluid catalysts only, and of reducing
substatitially the amount of contact clay required
by the contact adsorption plant.

EXAMPLE

A contact ‘adsorption plant for decolorizing
lubricating oil in ‘the liquid phase and having a
capacity for processing 500 barrels per day of
solvent -extracted bright stock having a viscosity
of 120 SUS at 210° F, and requiring '3.75 tons of
“Filtrol” lube contact -clay per day to reduce
the optical density of the oil to about 99, was
run cyclically on Kellogg “Diakell” fluid catalyst
and “Filtrol” lube contact clay. A -fluid catalytic
cracking - plant- for the. conversion. of 15,000
barrels per -day -of a naphtha-gas oil to gasoline
was run on Kellogg “Diakell” fluid catalyst, the
make-up requirements of the cracking being sup-
plied by fuid catalyst from the adsorption plant.

‘The contact plant was-run for 16 days on &0
tons .of fresh Kellogg “Diakell” fluid catalyst
having an initial “Cat A” activity of 40.7. It
was found that the optical density of 8,000 bar-
rels of oll was reduced to-an average -of 89.0
and that the “Cat -A” activity of the catalyst,
after contact with the oil at a rate of 15 pounds
per barrel, had 1ncreased to 41.5. This catalyst
was then used for 20 days as make-up catalyst
in the fluid cracking plant.

The contact pla,nt was then run for 4 days on
15 tons of fresh “Filtrol” lube contact clay
(X—-417). It was found that the optical- density
of 2,000 barrels of -oil was reduced to an average
of 93.0.

An alnernatwe procedule is to operate the
contact plant and the fluid catalytic cracking
unhit with a contact clay alone. Thus, for ex-
ample, a portion of the spent contact clay from
the contact plant equal to the sum of amounts
of make-up and regenerated catalyst may be
passed to the cracking plant and the regenerated
clay may be recyéled to the contact plant, a sufi-
cient amount of fresh contact clay being added
to the contact plant to make up for the spent
clay not passed to the cracking unit and for that
lost during regeneration. One variation of this
procedure, if the capaecity of the regenerator
permits, is to pass directly to the regenerator
frot the e¢ontact plant the spent clay that is not
passed to theé cracking unit. .

Thus, for examble, fresh c¢ontact clay in an
amount égual to the make-up requirements of
the fiuid cracking unit 1 thay be introduced into
the contact plant. 10 from source 12 by way of

“lines 16 and {7. After contacting the oil in con-

tact plant 10, an amount of the spent clay sepa-
rated from the oil equal to the amount of
make-up catalyst feqiiired. and the amount. of
contact material regenerated is passed to the
cracking unit 11" by way of lines 20 and 2i,
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make-up catalyst storage 22 and lines 24 and 26,
the balance being sent to clay disposal 3{ by way
of line 36 and the regenerated contact clay heing
tecycled to the contact plant 10 by way of lines
27 and 34. ) . -

If the capacity of the regenerator permits, that
portion of the spent contact clay from contact
plant {8 not passed to the cracking unit (1 may
be passed directly to the regenerator and:then
recycled back to the contact plant 19 along with
the regenerated contact clay from .cracking
unit I{. -

This procedure has the advantages, peculiar to
it, of utilizing to the fullest the catalytic activity
of spent contact clays, of recovering, for cracking
purposes, an appreciable portion of the hydro-
carbons removed from the lubricating oil in the
contact plant, and of utilizing the regenerator of
the fluid cracking plant for regenerating contact
clay in an economically feasible manner.

Where, on the other hand, the requirements of
a fluid catalytic cracking unit are limiting, it is
usually preferable to utilize a high activity fiuid
catalyst in both plants. In this embodiment, a
proportion of the contact material equal to that
required by the contact plant is circulated be-
tween the contact plan and the cracking unit and
an amount of fresh material equivalent to the

. amount of make-up catalyst. required by the

cracking unit is-introduced at any desired point
in the system. :
Thus, for example, the contact plant ‘i is
supplied with the amount of regenerated cata-
lyst required by way of line 34, the balance is
recycled directly-to the fluid catalytic cracking
unit by way of line 29, and the portion.used in
the contact plant 10 is recycled to the cracking
unit {f by way of.lines 28 and 2i, make-up
catalyst storage 22 and lines 24 and 26. Fresh
fiuid catalyst from source (4 is used to satisfy
the make-up requirements of the cracking unit
i1 and is -added by way of lines 32 and 26 or,
if desired, by way of lines 9 and 17, in which
event the amount of regenerated catalyst passed
to the contact plant 10 by way of line 34 is re-
duced so that the total amount of the fluid cata-
lyst supplied to the contact plant does not exceed
its requirements, o
This method has the advantage, peculiar to it,
of making it unnecessary to provide special con-
tact material for the contact plant while not
interfering with the productivity of the fluid
catalytic cracking unit. ER
Referring now to Figure 2 of the drawing, there
is illustrated a preferred embodiment of the in-
vention distinguished by the fact that the con-
tact material, after having been subjected to
contact with oil to be clay treated, which term is
intended to include not only raw oil but oil-that
has been subjected to solvent refining or acid
treatment, is passed to the reactor unit of the

catalytic cracking plant before entering the re-

generator.

In this embodiment a portion of the oil from
storage tanks 40 is passed by means of a pump
&1 through a heat exchanger 42 directly to a
heater 44 and another portionis passed .to the
heater 44 by way of a mixing tank 46. -Contact
material, such as adsorbent clay from a hopper
41, is introduced into the mixing tank 46 and
from there passed into the heater 44 with the
second portion of oil to be treated. . The heated
mixture leaves the heater 44 by way of line 49,
basses through the heat exchanger 42 gnd is in-
troduced into a time tank §0 to allow a prede-
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termined ' time - of :contact- between: the contact
material and.the oil. From -the -time tank 50,
the mixture: is passed into a rotary filter 61 from
whence the. filtrate passes into a filtrate receiver
52 and ultimately to a receiver for filtered. oil.
The contact material leaves the.rotary filter 5f:
hy. way of lihe 54, -passes through.a spent. clay
receiver 56 and:-is -pumped into the fluid reactor
57 with a preheated charge of fresh cracking
stock from charge preheater 59. .

- The.charge is subjected to cracking in the re-
actor 57 and leaves the reactor at the top by way
of line 68 to a fractionator 61 wherein it is re--
solved into fractions of gas and gasoline, furnace
oil,-gas oil and a slurry that is recycled to the
reactor by way of a thickener 62 and line 64. )

The spent clay leaves the fluid reactor 571 by
way of line 66 and is passed into the regenerator
87, The gaseous effluents from the regenerator
BT are passed through a cyclone separator 69 and
leave the system as flue gas. A portion of the
regenerated clay is recycled directly to the re-
actor 87 by way of line 70 and another portion
of the regenerated clay is recycled to the clay
hopper 47 by way of line 71, Fresh clay is added
to the clay hopper 41 by way of line 712,

Tests have revealed that the catalytic activity,
as determined by the standard “Cat A” test, of
commercially -available lubricating oil contact.
clay is 30 or over, and therefore sufficient to be

used as a make-up catalyst to a fluid catalytic

cracking unit. A comparison of the catalytic
activity of one typical lubricating oil contact clay
with two high activity fluid catalysts is given in
Table 1 below: o

Table 1

CATALYTIC ACTIVITY OF VARIOUS LUBE OIL N-
TACT CLAYS AND FLUID CATALYSTS 'CQ\I

Experiment : “C ”
No. Material act?fli?y
16891-93____. “Filtrol” lube contact clay (X-417)_._.._.. 33.1
1602720 ... Kellogg ‘“Diakell” fluid catalyst........__ 40,7
16931-33._... “Filtrol”’ grade D fluid catalyst_..._.___._ 41.5

Tests have also shown that the ability of fluid
cracking catalysts to decolorize crude. lubricating
oil is comparable to the ability of cheaper contact
clays of lesser catalytic activity, The results of

- such tests are listed in Table 2, the optical density

60

65

70

{1

listed in the- last three columns being that -of
;000 grams of solvent extracted bright stock hav-
Ing g viscosity of 120 SUS at 210° P, treated for

- 30 minutes at-450° F. with the stated amounts of

fresh _material, i. e., material not previously used
for - either- lubricating  oil contacting or fluid
catalytic cracking,

- Table 2
Optical density
Material 5 1bs./bbl. | 10 1bs./bbl, | 15 1bs./bbl.
(1.5 weight | (3.0 weight | (4.5 weight
percent) percent) percent) . -
“Super. Filtrol” lube contact
elay. . .. .. - 159.0 .
“F%I(trol” lube contact clay 1273 11»1'5~
.................... 203.0 3
Kellogg “Diakell” finid cata- MLO| . 60
dystio o T u7.2 146. .
“I;‘Httrol” grade D fluid cata- 6.0 : 8.0
3£ 148.0 110. 3
U. C;] P. §ptﬂa¥ ddriec;l“Micro- S 0.8 5.2
spheres” fiuid eatalyst..._. 154.0 (1142 ‘120
U.O0.P. ol dropped “Micro- ' 120.5
spheres” ... ... 178.2 - 203.0 144.0
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Further tests showed that the eatalytic activity
of neither the less -expensive contact clays nor
the more expensive, high aetivity fluid catalysts
was deleteriously affected by -contacting them
with oils.. Table 3 shows the effects of contact-
ing, for 30 minutes at 450° F., one contact clay
and two high activity fluid catalysts with 1000
grams of heavy steam refined oil having a vis-
cosity of 200 at 210° B, (raw, untreated eylinder
stock). Table 4 shows the effect of contacting,
for 30 minutes at 300> F., a high activity fluid
catalyst with a solvent extracted bright stock
having a viscosity of 120 SUS at 210>F. Table b
indicates the change in “Cat A* activity of a
contaet clay after contact with the-same oil under
the same conditions.

ACTIVITY OF CRACKING GATALYSTS AND LUBE
OIL CONTACT CLAYS AFTER USE IN LUBE OIL CON
TAQTING
Table 3

i: « . “Cat A’ after contact
Material i g;t; 1% ¥ i

| |151bs/bbL | 401bs,/bDL

: .

“Flltrol” contact c]ay (X-

_______________ 33.F 36. T
Kellogv “Diakell” ;- 39.9
“Filtrol” grade D. 37.1

g A [CBt A alter
: “Oat A"
Material contact,
(fresh} 3 45 1hs./bbL.
Kellogg “Diakell" . 40.7 ' 41.5.
Table 5
Hcat A" lKCat A”.
Materal. (fresh) after contact
“Filtrol” clay (AT ieoemmene . 331 L&

r1_’he chang;e m,- “Ca,t A” actxvxty of o number

Sitj of 1000 gr@m samples of the mls after con-
h X for 30 mmu!;es at a temperature

9225, Red. oil: w 1¢h héd,’ beexi‘amd treated: to the

extent of: 16.8:1bs: af acidiper barrel and:the oil.in
tests: verorted in Table 7' was.a dewaxed parafin:
distlllate dewaxed by- chilling and filtering havs.
ing. a viscosity of 90-100 SUS: at 100>~ F:, and:
whieh had been acid treated with: 10.1bs. off acid:
per barrel.

Table-6
CONTACTING 225 RED OIL
: Optical ftc 2 on
1" w@at-a” ptical after con-
i b . density. |tacting—10-
Material- before COn- |'after con- | Ibs./bbl.
N8: - tacting’ |(2.6-weight:
| . percent):
Kellogg “Diakell”____..___... : 410 6:9 4705
“Filtrol”” (X~417) contact clay.|: 37.0 8.7 34.0.
“Filtrol’” grade D fluid cata-
. 8,1 410,
B 58:5.
154 fieecioannns
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-~ Table?

[0} " 1 “f?at o

“Cat A’ ptical after con-
. densit; tacting—6.5

Material betfgé'g i:gon- aftor 003;‘ 1hs /bbl

& tacting | (1.8 weight

percent)
Kellogg “Diakell”.  oaenaaoa- 41.0 | 11.6 45.3
s“Filtrol”” (X-417) contact clay. 37.0 | 9.7 56.0

“Tiltrol” grade D fluid cata-

502 PRI 41.0 9.5 30.0
S‘pray dried “Microspheres” .. 54.5 13.2 51.5

The catalyst activity was determined by the
standard “Cat A’ procedure and the materials
used for clay contacting were blown dry with
air prior to running the “Cat A’ tests. '

The term: “cptical density” in the present dis-
closure represents the standard logarithmic ratio
of intensity of an incident ray falling on a trans-
parent or translucent medium to the intensity
of the transmitted ray for a sample length of
one meter and light of wave length from 5100 to
5566 Angstroms.

‘This application is a continuation-in-part of
my earlier co-pending application Serial No.
38,779, filed July 15, 1948, now abandoned.

It is to be understood that innumerable varia-
tions and modifications will immediately become
apparent to those skilled in the art upon read-
ing the foregoing disclosure; The invention con-
templates all such variations and modifications
as come within the scope of the appended claims.

I claim:

1. A method of treating hydrocarbons which
comprises contaeting a lubricating oil in the
liquid phase in & contact zone with a finely di-
vided, adsorbent silica-alumina contact catalytic
material, having both adsorbent and catalytic
properties and a particule size such that about
95% of the particles pass through a 200-mesh
screen, for decolorizing said lubricating oil, sepa~-
rating said material from the decolorized oil,
cracking hydrocarbons in a fluid catalytic crack-
ing zone by contact- with said separated contact
catalytic material, regenerating said contact ma-
terial in a fluidized regenerating zone, and re-
cycling said regenerated contact material succes-
sively to said contact and fluid catalytic cracking

. Zones.

2. A method. of treating hydrocarbons which
comprises contacting a lubricating oil in the liquid
phase in a contact zone with a finely divided, ad-
sorbent silica-alumina contact clay, having both
adsorbent and catalytic properties and a particle
size such, that about 95% of the particles pass
through a 200-mesh screen, for decolorizing said
lubricating oil, separating said contact clay from
the decolorized oil, cracking hydrocarbons in a

fluid catalytic cracking zohe by contact with said

separated contact clay, regenerating said contact
cl'ayv-in' o fluidized regenerating zone, and re-
cycling said regenerated contact clay successively
to-said’ contact and fluid catalytic cracking zones.

3: A method of treating hydrocarbons which
comprises contacting a lubricating oil in the liquid
phase in a contact zone with a silica-aluinina
fluid catalyst, having both adsorbent and cat-
alytic: properties -and’ a particle size such that
about 95% of the particles pass through a 200-
mesh screen; for decolorizing said lubricating oil,
separating: said fluid catalyst from the decolor-~
ized oil; cracking hydrocarbons in.a fiuid catalytic
cracking-zone by contact with said separated fujid.

78 catalyst, regeneratihg "said fluid catalyst in a
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fluidized regenerating zone, and recycling said Number Name Date
regenerated fluid catalyst successively to said con- 2,416,729 ATVeson — oo e Mar. 4, 1947
tact and fluid catalytic cracking zones. 2,549,518 PEITY e oo Apr. 17, 1851
WARNER E, SCOVILI.
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